Intraspecific relationships between body mass (M) and length (L) are widely reported using the equation M 5 aL b . The power term (b) holds fundamental information on how body proportions change with increasing size. A value of 3 suggests isometric enlargement, while a value , 3 describes relative elongation in shape (along the L axis) during ontogeny. We synthesize intraspecific patterns in b across a diverse range of pelagic aquatic animals. While many taxa show isometric scaling, others do not, and there is a great diversity in morphometric solutions. Salps (b 5 2.37, 6 0.15, 95% confidence interval [CI]) and cephalopods (b 5 2.58, 6 0.18, 95% CI), both of which locomote by jetting, radically elongating their body shape relative to other dimensions as they enlarge, while polychaetes and ctenophores (b 5 2.41, 6 0.18, 95% CI) also demonstrate relative elongation. Oblate scyphozoans (b 5 2.73, 6 0.10, 95% CI) and hydrozoans (b 5 2.44, 6 0.32, 95% CI) increase their bell diameter at the expense of bell thickness. This will increase drag at a greater rate than isometric enlargement, but as dragbased predators this also potentially increases prey encounter rates. Fishes have a power term significantly greater than 3 (b 5 3.04, 6 0.006, 95% CI). While the nauplii of copepods elongate their shape (b 5 2.59 6 0.27, 95% CI), their copepodites are isometric (b 5 2.95, 6 0.16, 95% CI). Salps show distinct differences in the power term between their aggregate and solitary life stages. The implications of these patterns are explored and comparisons with benthic and terrestrial invertebrates made. This work should provide a useful reference to those undertaking mass-length analyses in future. The ontogenetic shape changes we describe should aid in the examination of theories dependent on ratios of surface area to volume and internal distribution networks, including the scaling of metabolic rates.
The rate at which mass increases with increasing linear size was first discussed by Galileo Galilei in his ''Two New Sciences '' monograph (Galilei 1638) . In this work he described how volume increases as the cube of a linear length, whereas strength (e.g., the cross-sectional area of a limb) increases only as the square. Of course, implicit in this is that the shape is isometric; the relative shape does not change with increasing size. Jä rvi (1920) is credited with the first use of the length-mass equation in which the exponent was estimated as a second parameter and not simply fixed at 3 (and hence deviates from isometric scaling). Since this early work, the relationships between the length and mass of single species have been widely reported in the scientific literature (Froese 2006 ) using the equation
where a and b are constants, M is mass, and L is a linear measurement of the body. This is equivalent to the equation log 10 M~log 10 az(b|log 10 L)
Researchers have derived these equations for a multitude of uni-and multicellular organisms from diverse environments. Such relationships are primarily reported in order to predict mass from more easy-to-measure body lengths and to assess body condition (e.g., the condition factor; Tesch 1968) . However, b also holds fundamental information on changes in shape with increasing body size when assessed intraspecifically through ontogeny. A b value of 3 represents mass increasing as the cube of the measured length axis (L). This is indicative of isometric enlargement (i.e., that all the major body proportions remain constant; Spencer 1864-1867). Isometric scaling is governed by the square-cube law. An organism that doubles in length while remaining isometric in shape will have a surface area that increases fourfold (2 2 ) and a volume that increases by a factor of 8 (2 3 ). Values of b less than 3 suggest an increase relatively more rapidly along the L axis than other axes, hence a relative elongation in shape during ontogeny. Values greater than 3 suggest an increase in other axes relatively more rapidly than in L (e.g., an increase in relative body thickness or plumpness). A value of b of 1.0 is typical of a cylinder elongating but having a constant diameter. Of course these examples all assume that when using mass rather than volume, the mass-density does not change greatly during ontogeny. We return to this assumption in the Discussion.
Patterns in b have previously been established in terrestrial and aquatic insects (Rogers et al. 1976; Benke et al. 1999) , marine benthic invertebrates (Robinson et al. 2010) , and fishes (Mü ller and Videler 1996; Froese 2006) . However, to date there is no comprehensive description of intraspecies patterns across pelagic animals. Aquatic environments encompass fresh, brackish, and marine situations, and some pelagic animals are among the most numerous on Earth. Evolution acts on body form, and pelagic organisms provide the opportunity to explore mass-length scaling across a wide range of phyla with different body forms. Residing in water offers physical support to the body (and feeding structures), which contrasts with air in terrestrial environments. The pelagic environment also presents challenges associated with locomotion, feeding, avoiding predators, and finding mates. These challenges have been met using a wide diversity of locomotory mechanisms and abilities (Vogel 2008) . Furthermore, the metabolic scaling exponents of pelagic organisms can differ radically from those of organisms in other environments (Glazier 2006) . Respiration scales near isometrically with body mass in many pelagic species but with a power of 2/3 or 3/4 in many benthic and terrestrial ones. Even in closely related species with both benthic and pelagic representatives, such differences in scaling are observed (Glazier 2006) . Moreover, metabolic scaling theories predict different scaling exponents depending on how body shape changes as mass increases (West et al. 1997; Glazier 2010) . Knowledge of the changes in body shape with size will ultimately help in explaining variation in metabolic and growth scaling (O'Dor and Hoar 2000) .
Intraspecific scaling of mass to length may change during ontogeny. Mü ller and Videler (1996) found an increase in the b exponent between the early and later stages of fish species. They suggested that this change was the result of the larvae investing in increasing their length in order to outgrow the costs associated with a viscous flow regime. There are no other systematic examinations of variation in length-mass scaling across life history stages in other aquatic taxa. Copepods dominate the mesozooplankton of marine systems and play a vital role in food webs and ecosystem function (Hirst and Kiørboe 2002; Hirst and Bunker 2003) , while the gelatinous salps are numerically and biogeochemically important (Madin and Deibel 1998) . Length-mass relationships of both the naupliar and copepodite stages of copepods and the aggregated and solitary forms (alternating generations) of salps have been examined widely and therefore provide an ideal opportunity to examine changes in b across life stages.
The aims of the present investigation are to (1) provide the first comprehensive description of scaling of mass to length (b values) across a broad range of pelagic animals and to determine which differ significantly from being isometric (b 5 3), (2) examine differences among diverse taxa and explore their implications, and (3) examine changes in b between life history stages of salps and copepods.
Methods
I searched the scientific literature for relationships of mass (M) to length (L) for pelagic species of salps, ctenophores, scyphozoans, hydrozoans, polychaetes, appendicularians, amphipods, copepods, cladocerans, euphausiids, chaetognaths, fishes, and cephalopods. Although a wide variety of mass-length equation forms have been applied, Eqs. 1 and 2 are used here, thus ensuring comparability. Those body-length measurements most commonly adopted in studies of the different taxa were used, such as body length (head to tail length or an approximation to this) in chaetognaths, polychaetes, euphausiids, copepods and amphipods; total, fork, or standard length in fishes; mantle length in cephalopods; oral-aboral distance in salps and this (or pole diameter) in ctenophores; and trunk length in appendicularians. Equatorial diameters of ctenophores were excluded from this analysis. In some taxa a variety of length types have been applied. Where there is close similarity between these, they have been included together in this analysis. For example, total length of nauplii and copepodites of copepods and also prosome lengths of the copepodites are all included. The data set of Froese (2006) for fishes was included; this incorporates pelagic, demersal, reef-associated, benthopelagic, bathypelagic, and bathydemersal species. Although differences in exponents of males and females have been noted, we make no separation. Values for pteropods, ostracods, and pyrosomes were compiled into the database; however, these data are too sparse and are therefore not presented.
In hydrozoans both bell diameter and bell height were accepted as the measured body dimension (L), but these were analyzed separately. In the scyphozoans all measurements were made with respect to bell diameter, except in one case, Stomolophus meleagris. This was considered by bell height and as such is not included in later analyses. In the medusae, workers have commonly made a choice of which body length to measure on the basis of the shape of the species. Prolate medusae such as Aglantha digitale and Sarsia princes have been measured primarily by bell height, while oblate medusae (e.g., Clytia hemisphaerica and Aequorea victoria) have been measured by bell diameter. It is noteworthy that bell height is not the same as bell thickness. For scyphozoans and hydrozoans, data on fineness ratios were also collected (Costello et al. 2008) ; this is the ratio of bell height divided by the bell width. This ratio describes the degree to which the bell is prolate or oblate in shape and has important implications for the type of locomotion adopted.
Values of b were only included where the reported r 2 was $ 0.80 (i.e., correlation coefficient, r $ 0.894; Fig. 1b) . This occurred on . 97% of occasions. The criterion of high coefficients of determination for inclusion in analyses ( Fig. 1) suggested that any systematic differences between taxa (and life history stages) are real and do not relate simply to weaker regression significance in some taxa. This screening should also remove those results that may less accurately represent b. When no r 2 is reported in the original study, it was assumed that the data fulfill the criterion. The data for Clytia lomae reported in Larson (1985) were not included, as the slopes are very high, and a comparison of regressions with congeneric species suggests a problem.
In the vast majority of cases, ordinary least squares (OLS) regressions have been applied when deriving lengthmass regressions (where the regression model is not reported, we assume it is OLS). The two common regression models are OLS and reduced major axis (RMA; also sometimes referred to as geometric mean regression). These two methods produce different values for b but are easily converted as b RMA 5 b OLS /r, where r is the correlation coefficient. Where RMA results are presented in original papers, b values have been converted to OLS using this formulation.
Mass is measured in a variety of ways, and regressions are differentiated on the basis of whether they are for wet, dry, ash-free dry, carbon, nitrogen, or phosphorus mass. In some gelatinous species where b values for volume are reported, it is assumed that these are equivalent to wetmass values, as the two are so similar (Baker 1973; Kremer and Nixon 1976) . Where researchers have derived elemental mass-length relationships indirectly (i.e., by combining proximate mass relationship with ratios of elemental mass), such values have not been included. The body dimension of each taxon, together with mean b values and 95% confidence intervals (CIs) for each mass type, are given in Fig. 1 . All b values were tested to determine whether they are significantly different from 3 using one-sample t-tests.
Comparing across life stages-In order to examine whether b varies between nauplii and copepodites of copepods, we compiled ''paired'' values, where both had been determined for a single species in a single study. In salps, paired values of b were compiled for the aggregate and solitary life history stages. Values for the aggregated stage of salps are individual lengths, not chain lengths. Mü ller and Videler (1996) demonstrated that fishes alter b through development. Their data for pre-and postinflexion stages are used to allow an intertaxon comparison of changes in b between those life stages. Pre-and postinflexion were separated in the original study at the point where the slope term was found to change significantly. Mü ller and Videler's (1996) data are not combined into our complete data set (i.e., Fig. 1 ), as they are based on RMA regressions and no correlation coefficients were available to allow conversion. RMA regressions have consistently greater slopes (Carlander 1977) than OLS and as such are not directly comparable.
Results
A total of 8315 values of b derived from mass-length regressions across a diverse range of marine and freshwater pelagic organisms are included, with both planktonic and nektonic species represented. Values of b varied significantly between many of the taxa (Fig. 1 ). Length and mass types, b exponents, and sources are all available as an appendix on request. Power terms (b) for dry mass are 2.98 (6 0.31, 95% CI) in chaetognaths, 3.32 (6 0.52, 95% CI) in cladocerans, 2.60 (6 0.43, 95% CI) in appendicularians, and 2.84 (6 0.17, 95% CI) in copepods, none of these being significantly different from 3. In euphausiids, the b value for dry mass is 3.02 (6 0.17, 95% CI), which does not differ significantly from 3, while for wet mass it is 3.26 (6 0.09, 95% CI) and is significantly greater than isometric. Fishes have a mean of 3.04 (60.006, 95% CI), which is significantly greater than isometric, but this represents a very small absolute difference of just , 1%. Cephalopods have low values, with a mean (wet mass) b value of just 2.58 (6 0.18, 95% CI). The two taxa with the lowest b values are ctenophores and salps, with (wet mass) values of 2.41 (6 0.18, 95% CI) and 2.37 (6 0.15, 95% CI), respectively. The values for dry mass in ctenophores and both dry and carbon mass in salps are even lower than for wet mass and significantly less than 3. The pelagic polychaetes have values between 1.4 and 2.5 ( Fig. 1 ), but the data are too scant for statistical treatment.
Values of b for scyphozoans and hydrozoans are separated into those determined in the original studies by applying bell diameter versus bell height (Fig. 2a) . With respect to bell diameter, the scyphozoans have greater b values than hydrozoans, being 2.73 (6 0.07, 95% CI) and 2.40 (6 0.19, 95% CI), respectively. Values are significantly less than 3 (Fig. 2a) regardless of mass type (Fig. 1a) , suggesting that as the bell diameter increases, other major body dimensions (e.g., bell thickness) increase at a proportionally lower rate. For hydrozoans assessed by bell height, the mean b value is 2.73 (6 0.37, 95% CI), which is not significantly different from 3 (Fig. 2a) . This suggests different enlargement strategies between prolate (assessed by height) and oblate medusae (assessed by diameter).
A ratio of bell height to width (fineness ratio) of , 0.5 is typical of an oblate medusa utilizing ''rowing'' locomotion, pulsed bell contractions, and drag-based water movements to maximize prey encounters. Prolate medusae represent a streamlined form and typically utilize jet propulsion methods (Costello et al. 2008) . Those hydrozoans assessed by bell height have a mean fineness ratio of 1.46 (6 0.57, 95% CI); those assessed by bell width have a fineness ratio of 0.50 (6 0.10, 95% CI), and for scyphozoans this is 0.41 (6 0.16, 95% CI); the oblate rowing medusae are therefore largely contained within those last two groupings. Fineness ratios are significantly different between the three groups (bell diameter-assessed scyphozoans and bell height and diameter-assessed hydrozoans; one-way ANOVA, F 2,31 5 24.89, p , 0.001). A post hoc Tukey test shows the ratios for hydrozoans assessed by bell height are significantly larger than those for scyphozoans and hydrozoans assessed by bell diameter (p , 0.001). There is no significant difference (p . 0.05) between the fineness ratios of scyphozoans and hydrozoans assessed by bell diameter (Fig. 2b) .
Comparing across life stages-A total of 18 studies with paired values for copepod nauplii and copepodites were found, and in 13 of these cases the b value is lower in the nauplii (Fig. 3a) . The mean b value across all nauplii is 2.60 (6 0.27, 95% CI), significantly less than for copepodites at 2.95 (6 0.16, 95% CI). Nauplii typically increase in length at a relatively greater rate than perpendicular dimensions increased (i.e., body width or dorsoventral height) during ontogeny. Copepodites develop isometrically, with nearconstant length : width ratios across copepodite stages within a species.
Mü ller and Videler (1996) determined how b values change intraspecifically in pelagic fish pre-and postinflexion (Fig. 3b) . Values of b in fishes commonly increase during ontogenetic development: preinflection, the mean value is 3.48 (6 0.68, 95% CI), and postinflexion this increases to 4.69 (6 0.63, 95% CI). Mü ller and Videler's (1996) values are from RMA regressions, which may explain why these are typically greater than our standard compilation of OLS values for fishes (Fig. 1a) .
For salps, a total of 20 paired values were included for both the aggregate and solitary life stages. Both life stages have b values much lower than 3 (Fig. 3c) 
Discussion
Comparisons of change in mass relative to length are demonstrated graphically for pelagic taxa in Fig. 4 . Average b values have a wide range, from , 2.1 to 3.3. A 10-fold increase in length equates on average to a 240-fold increase in mass in salps, a 1096-fold increase in mass in fishes, and an 1820-fold increase in mass in euphausiids. As such, different taxa have radically different solutions as to how mass accumulation is related to body length (and associated shape change).
Composition change with size-Changes in the relative body composition during ontogeny can potentially affect the b term. For example, when an organism's mass-density changes with size (e.g., increasing in some fish: Wuenschel et al. 2006 ; decreasing in many gelatinous species: Kremer et al. 1986 ; Hirst and Lucas 1998), the power term may deviate from that which would relate volume to length. As the mass-density of elemental, dry, and ash-free dry mass can change most during ontogeny, these may therefore be less reliable indicators of shape change than wet mass. Changes in the wet mass-density (i.e., gWW cm 23 ) during ontogeny in nongelatinous taxa are typically very small, however (e.g., in copepods: Knutsen et al. 2001; in appendicularians: Chiappa-Carrara et al. 2006 ) such that b exponents derived from wet mass will be very close to that from volume. Furthermore, in the nongelatinous taxa, the b values for wet mass are only rarely significantly different from those for other mass units (Fig. 1) , while changes in mass-density appear insufficient to alter b power terms significantly.
Many gelatinous organisms ''balloon,'' increasing their body volume while decreasing their elemental C, N, P, or dry-mass content as a proportion of wet mass (Kremer et al. 1986; Hirst and Lucas 1998) . The values of b for wet mass may then be expected to be greater than those based on other mass terms. This may explain the progressively smaller values for b in ctenophores and salps between wet, dry, and elemental units (see Fig. 1 ). However, differences in b values between different mass types measured within single gelatinous species are typically small (i.e., , 0.2; e.g., ctenophores : Baker 1973; scyphozoans: Hirst and Lucas 1998; hydrozoans: Larson 1985) . The fact that b values are largely consistent between mass units in gelatinous taxa increases our confidence that the lower b values of these (i.e., in the ctenophores and salps and those scyphozoans and hydrozoans assessed by bell diameter) compared with many nongelatinous taxa reflect their nonisometric growth. Ballooning in itself cannot be responsible for their low b values, as low values are also found for wet mass, which is very closely related to volume in gelatinous taxa. Indeed, both volume and wet mass have very similar b terms when measured together (Baker 1973; Kremer and Nixon 1976; Mutlu and Bingel 1999) .
Patterns across pelagic organisms-Although many planktonic organisms have a body shape that is elongate in form, b values indicate the relative change in shape, not the shape per se. Our analysis suggests that near-isometric growth is common throughout large parts of the ontogeny of many pelagic taxa (e.g., the copepodites of copepods, prolate hydrozoans, appendicularians, cladocerans, and chaetognaths; see Figs. 1, 3) . This is an important outcome, suggesting that through large parts of their development, gross body shape is relatively constant. There is, however, a great diversity in the solutions that organisms have evolved: several taxa consistently have exponents significantly below 3, indicating that as length increases, the body becomes relatively more elongate in form. This is the case in salps, polychaetes, ctenophores, and cephalopods and the nauplii of copepods. In contrast to this, fishes, the only vertebrate group considered here, have a mean b value that is significantly greater than 3 (Fig. 1) , albeit by a very small amount.
Any discussion of relative elongation in shape cannot be made without mention of ''streamlining.'' Defined as shape Fig. 4 . Change in mass (M) in relation to length (L) in pelagic taxa. All taxa scaled relative to an initial length and mass of 1, with increases in these being derived from mean b values for wet mass (except for appendicularians, cladocerans, and chaetognaths, which are for dry mass, and nauplii and copepodites, in which case overall averages are presented).
being organised to offer less resistance to fluid flow, streamlining loses its conventional meaning when Reynolds numbers (Re) are below 10 and when the surface of a swimming organism is itself the propulsive device (as contrasted with extended appendages or in jetting). As such, in many pelagic animals, an increase in elongation does not necessarily confer cost savings associated with their being streamlined. There is a need to consider taxa on a case-by-case basis in this respect.
The scyphozoans and hydrozoans, in which L is assessed by bell diameter, are typically oblate in form and locomote by rowing. This requires a flattened, flexible bell margin that generates vorticity while swimming. This is a convergent trait evolved independently among a variety of medusan lineages. These are not streamlined forms, and locomotion requires that the body mass be allocated along a plate-like surface (generally the bell) that sweeps through the fluid, generating vortices that increase locomotory and feeding efficiency (Dabiri et al. 2005) . Their low b values (, 2.4 and 2.7 in hydrozoans and scyphozoans, respectively) translate to enlargement of the diameter at the expense of bell thickness. This results in an even greater increase in pressure drag during swimming than would occur with isometric growth. As such, not only do they have a body shape that is energetically expensive with respect to locomotion, but costs are increased as a result of the relative shape changes these organisms have. Costello (1992) posed the question: ''Why would [oblate] medusa body forms evolve that were energetically expensive to operate?'' He goes on to suggest that the answer lies in the fact that ''capture of prey items depends upon vortex production and the resultant eddies which circulate over the bell margin, through the tentacles lining the bell margin, and into the subumbrellar cavity. A. aurita imparts kinetic energy to surrounding fluid and utilizes the resultant fluid motions to capture prey. Possession of an oblate body form enhances the rate of water movement, and therefore, prey capture.'' The low b values in oblate medusae may therefore represent an evolutionary outcome, and, a consequence of their feeding strategy, their shape change enhances pressure drag and results in an increased prey encounter rate with size.
Low b values in rowing medusae can be achieved in two ways, each of which affects the b exponent differently. The development of a rowing adult from a jetting juvenile stage is characteristic of the hydrozoans in Fig. 2 that are assessed by bell diameter. In this case, small prolate jetting juveniles change body proportion and propulsion mode as they develop into flattened rowing adults. The b value may be influenced by a shift from a more prolate to more oblate bell form during ontogeny (Weston et al. 2009 ). The development of a rowing adult from a rowing juvenile stage is characteristic of many scyphomedusae (Costello et al. 2008) . Operating in a viscous environment, these organisms might be predicted to allocate mass to expand bell diameter more rapidly than body thickness, thereby speeding the transition from viscous to inertial fluid ranges. Viscous forces make rowing difficult, but little time is usually spent in this viscous fluid range. Initially, therefore, b values may be very low in order to facilitate this transition. Indeed, Aurelia aurita ephyrae have reported values of 1.87 (Ishii et al. 2004 ) and 1.99 (Bå mstedt et al. 1999) , while their medusae have values ranging from 2.7 to 2.9 (range of values compiled in this study).
Those hydrozoans in which length has been assessed as bell height have fineness ratios between 0.6 and 2.3 (Fig. 2b) and utilize mainly jet propulsion (Costello et al. 2008) . This involves enclosing a volume of water that they compress by contraction of the surrounding body wall to produce a jet. The increase in mass with increase in linear dimension will be under different selective pressures in those using jet propulsion than in rowing medusa. Indeed, the b values of the former indicate isometric enlargement, which is in stark contrast with the oblate scyphozoans and hydrozoans assessed by bell diameter (Fig. 2) .
Cephalopods utilize jet propulsion early in life and both this and fin motion later (Bartol et al. 2008 (Bartol et al. , 2009 . Their low mean b value of 2.6 is indicative of a radical elongation of the mantle length with respect to other body proportions. As pointed out by O'Dor and Hoar (2000), ''Elongation of the 'hollow tubes' characterizing squid form, as well as [their] increasing fin size contrasts with the relatively constant form of growing fish.'' During ontogeny, squid undergo changes in morphology that affect their locomotive systems. The paralarvae (cephalopod hatchlings) have rounded, saccular bodies, with only small rudimentary fins. The hatchlings rely more heavily on jet propulsion than fins (Boletzky 1974) . Juveniles and adults have more streamlined bodies and larger, more developed fins that play an important role in locomotion. Reynolds numbers (Re) at which they operate also change during their development; for paralarvae, Re may be 1-10 2 , while juveniles and adults operate at 10 3 -10 6 (see citations in Bartol et al. 2008) . The former are clearly within the region where viscous forces dominate. The low b values in cephalopods may relate to their high mobility and changes in both Re and propulsion methods through ontogeny. Indeed, the elongation of squid is believed to be the result of their attaining a size where the Re regime requires streamlining in order to increase locomotory efficiency (Alexander 1977; O'Dor and Hoar 2000) .
Salps show low mean b values, at , 2.4, and also move by jet propulsion (Sutherland and Madin 2010) , utilizing their muscle band. Feeding and swimming are achieved by the same pumping process. Their jet properties, such as thrust attained and length : diameter ratio (formation number, which relates to thrust maximization), may relate closely to their body shape and hence to b. Jet propulsion distinguishes salps, cephalopods, some medusae, and oyster larvae from the majority of pelagic organisms, which rely on lift-or drag-based swimming using the body, appendages, cilia, or flagella (Vogel 2008) . Increased elongation with increasing size therefore appears to be common in many jetting species, except in the prolate medusae. Relative elongation in body shape is also marked in ctenophores and pelagic polychaetes and the early developmental stages of copepods, which encompass a wide variety of locomotion methods.
Comparisons across life stages-In some taxa, the b exponent changes markedly between life history stages. The In order to achieve a b of 2.4 (typical of ctenophores), the width of the cylinder most comprehensive exploration of this to date is in fishes. Mü ller and Videler (1996) found an increase in mean b values from 3.5 to 4.7 between the pre-and postinflexion stages (Fig. 3b) . They suggested that this was due to larvae elongating more when small in order to outgrow the costs associated with a viscous flow regime. Elongation during fish larval development helps to reduce form drag and the acceleration reaction forces. Those fish species that have b values of 3.6 or greater in their early development (preinflexion) have lower values of b later (postinflexion), while those with b values less than 3.6 in their early development tend to have higher values later (Fig. 3b) . This pattern may reflect the adult shape and when they achieve this in the ontogenetic schedule.
For copepods, values of b between the distinct life stages of nauplii and copepodites can be compared (Fig. 3a) . After developing through six nauplii stages, the body shape then metamorphoses on entry to the copepodite stage. The b values in copepod nauplii are almost always , 3 with a mean of just 2.6, indicating that nauplii are increasing their body length much more rapidly than they are increasing other perpendicular body dimensions (body width and dorsoventral height). The copepodites by comparison have mean b values of 2.9 (that are not significantly different from 3.0) and hence are isometric in shape throughout development. When Re . 1000, drag is dominated by inertial forces (appearing largely as pressure drag) and increases with the square of speed. For Re , 1, viscous forces (appearing as skin friction) dominate, and drag increases linearly with speed (as in Stokes's Law). In this case, minimizing surface area will assist in moving more efficiently. Copepods live mainly at an Re where viscous forces dominate; however, there are exceptions. Many copepods escape from predation by ''jumping,'' with an acceleration of 12 m s 22 (Strickler 1977 ) and a top speed of 0.5 m s 21 , resulting in an Re as high as 500-1000 (Naganuma 1996) ; hence, streamlining would assist in reducing locomotory costs in such cases.
For salps, comparisons of b values can be made across two distinct life stages: solitary and aggregated phases (Fig. 3c ). Both these life stages have b values that are much lower than 3. Salps exhibit a complex life cycle with alternating solitary and aggregated generations. These stages are radically different to one another in their hydromechanics (e.g., coordinated movement and maneuverability); indeed, the anatomy of the two life history stages differ. Those salps with values of b , 2.2 in the solitary phase typically have an increased value in the aggregated stage, while those solitary stages with b values . 2.2 typically have a lower value in the aggregated stage. The pattern is marked across a wide range of salp species, but why such shifts occur is not obvious. These salp stages are not part of a continuum of increasing size through a single development scheme but rather distinct life phases.
Testing b values against morphometric measurements-In order to better appreciate how b values in copepods relate to changes in body dimensions, we can use a simple model of an enlarging cylinder. In order to generate a b value equal to 2.6, as typical for nauplii, and commencing with a (nauplii stage 1) length : width ratio of 1.7, every 10% increase in the total cylinder length must be accompanied by a 5% increase in its width (Fig. 5a ). This simple prediction can be compared with observed changes in body length : width ratios in consecutive developmental stages of nauplii (Fig. 5b ) using scaled drawings from Sazhina (1985) and Pinchuck (1997) . The slopes of both the model and nauplii compare very well, thus indicating that the b values for nauplii can be explained by simple length-width changes. In copepodites, measured lengths and widths across progressive developmental stages were taken from the scaled drawings of Bjö rnberg (1972), with additional measurements for copepodites 1-6 for a range of copepod species collected from the Solent, United Kingdom (pers. obs.). These can be compared with a cylinder that has a length : width ratio of 2.5, typical of copepodites, and that grows isometrically (Fig. 5c) . Again, the cylinder model and the real values for the copepodites match well; copepodite lengths and widths are relatively constant proportion of one another throughout ontogeny.
Changes in length and maximum lobe width ratios (R) in the ctenophore Mnemiopsis ledyi with increasing length (L) are described by the equation log 10 R 5 0.3988 [log 10 L] 2 0.0093; r 2 5 0.742 (L. J. Hansson pers. comm.). These are compared with a prediction based on a cylinder with an enlarging cylinder that has a b value of 2.4, as typical for ctenophores (and an initial length : width ratio of 0.98, this being the initial ratio in the data for Mnemiopsis), in Fig. 5e . The b power term suggests a 10% increase in the length and is associated with a 4.4% increase in width. This prediction closely matches the morphometric measurements available for Mnemiopsis ledyi.
Comparisons with taxa in other environments-The pelagic copepod data here are massively dominated by the order calanoida, with fewer species of harpacticoida in pelagic systems (these are the dominant benthic copepod order). Harpacticoids (both benthic and planktonic forms) have lower b values in the copepodite stages than do the calanoids, ranging from 1.6 to 2.7 (Satapoomin 1999; Ara 2001; Uye et al. 2002) . This indicates that harpacticoids show relatively more elongation during their ontogeny than do calanoids. This greater relative elongation in shape is reflected in the different morphology of harpacticoids and may be indicative of a shape adapted (today or ancestrally) to a benthic mode of life and different locomotion methods and costs.
This synthesis of pelagic species can be compared with similar mass-length analyses on animals from other environments (Table 1) . Benke et al. (1999) examined b values in individual species (or genera) across eight orders of aquatic insect (Coleoptera, Trichoptera, Megaloptera, Ephemeroptera, Odonata, Plecoptera, Hemiptera, and Diptera) and found averages to vary between 2.7 and 2.9. These values are consistent with previous compilations of aquatic insects, with mean values for insect orders of just less than 3 (Burgherr and Meyer 1997) . By contrast, Rogers et al. (1976) reported a mean value of 2.6 for terrestrial insects. Across these studies, mean values vary much less than across the diverse range of pelagic taxa synthesized herein. Presumably, this is in part due to the high degree of relatedness; that is, insects represent a single Class. Benke et al.'s (1999) values for arthropods are similar to the planktonic crustacea found here (with the exception of their high value for decapods, which they suggest is due to the chelipeds). A wide range of intraspecific values are given for North Sea benthic invertebrates and fishes by Robinson et al. (2010) . Commonly, marine benthic mollusks and echinoderms demonstrate isometric or slight elongation of the major body axis during development. Benthic ascidians have a low mean b of just 2.2 (6 0.28, 95% CI). This is similar to the pelagic salps, which are also tunicates, and may reflect their similarity in body plan (hollow tubular structure) and shared phylogeny. The only other tunicate value of which we are aware is for the pyrosome Pyrosoma atlanticum, in which b is just 1.7 (Mayzaud et al. 2007 ). Polychaetes often grow by adding segments, which may explain their radical elongation during ontogeny. The values (based on length) of b for benthic polychaete species are 2.1 and 2.9 (Robinson et al. 2010) , comparable to those for the planktonic species here (Fig. 1) .
This work should allow comparisons for those determining length-mass regressions for pelagic taxa in future.
Many pelagic taxa are not presented because data are too sparse (e.g., ostracods, pyrosomes, and pteropods), and this study highlights where regressions are especially lacking. Relating differences in length-mass scaling between taxa and environments and to their proximate (functional) and ultimate (evolutionary) causes may be especially fruitful (McGhee 2007 ). An important next step is to use these radically different shape changes (reflected in the b terms) found across pelagic taxa to test theories dependent on ratios of surface area to volume and internal distribution networks, such as metabolic rate scaling (West et al. 1997; Glazier 2010) . Table 1 . Comparison of b exponents from equations of log 10 mass to log 10 length across a variety of taxa in a range of environments. n is the number of equations from which means are generated; single vales are often but not always from single species and genera. 
